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A  S u m m a r y  o f  t h e  l i f e  H i s t o r y  a n d  D i s t r i b u t i o n  o f  t h e  S p r i n g  Cavefish~ 
C h o l o g a s f e r  a g a s s i z i  Putnam~ w i t h  P o p u l a t i o n  E s t i m a t e s  f o r  t h e  S p e c i e s  
i n  S o u t h e r n  I l l i n o i s  
T h e  g e n u s  C h o l o g a s t e r ,  w h i c h  m e a n s  m u t i l a t e d  b e l l y  
i n  r e f e r e n c e  t o  t h e  a b s e n c e  o f  p e l v i c  f i n s ,  w a s  p r o p o s e d  
b y  A g a s s i z  (  1 8 5 3 :  1 3 4 )  f o r  a  n e w  f i s h  f o u n d  i n  d i t c h e s  
a n d  r i c e  f i e l d s  o f  S o u t h  C a r o l i n a  a n d  d e s c r i b e d  b y  h i m  
a s  C .  c o r n u t u s .  P u t n a m  ( 1 8 7 2 : 3 0 )  d e s c r i b e d  a  s e c o n d  
s p e c i e s  o f  t h e  g e n u s  f o u n d  i n  a  w e l l  a t  L e b a n o n ,  T e n n e s -
s e e ,  n a m i n g  i t  C .  a g a s s i z i  f o r  t h e  a u t h o r  o f  t h e  g e n e r i c  
n a m e .  F o r b e s  (  1 8 8 1 : 2 3 2 )  r e p o r t e d  o n e  s p e c i m e n  o f  
C h o l o g a s t e r  f r o m  a  s p r i n g  i n  w e s t e r n  U n i o n  C o u n t y ,  
I l l i n o i s ,  a n d  n o t e d  t h a t  i t  d i f f e r e d  f r o m  k n o w n  s p e c i m e n s  
o f  t h e  t w o  d e s c r i b e d  s p e c i e s  b u t  d i d  n o t  a s s i g n  a  s p e c i f i c  
n a m e  t o  t h e  I l l i n o i s  p o p u l a t i o n .  A f t e r  a c q u i r i n g  a d d i -
t i o n a l  s p e c i m e n s ,  F o r b e s  (  1 8 8 2 :  1 )  d e s c r i b e d  i t  o n  t h e  
b a s i s  o f  c o l o r  d i f f e r e n c e s  a s  a  n e w  s p e c i e s ,  C .  p a p i l l i f e r u s .  
J o r d a n  &  G i l b e r t  ( [ 1 8 8 3 ] :  3 2 5 ,  8 9 0 )  r e c o g n i z e d  a l l  t h r e e  
s p e c i e s  a n d  n o t e d  t h a t  t h e  t w o  s p r i n g  c a v e f i s h e s  (  a g a s s i z i  
a n d  p a p i l l i f e r u s )  o c c u r r e d  i n  T e n n e s s e e ,  K e n t u c k y ,  a n d  
s o u t h e r n  I l l i n o i s .  J o r d a n  &  E v e r m a n n  ( 1 9 2 7 : 5 0 3 )  b e -
l i e v e d  t h e  d i f f e r e n t  w a y  o f  l i f e  b e t w e e n  t h e  e p i g e a n  C .  
c o r n u t u s  a n d  t h e  h y p o g e a n  ( s u b t e r r a n e a n )  C .  p a p i l l i f e r u s  
w a r r a n t e d  e r e c t i o n  o f  a  n e w  g e n u s  f o r  t h e  l a t t e r  a n d  
p r o p o s e d  F o r b e s e l l a ,  b u t  J o r d a n  ( 1 9 2 9 : 6 8 )  n o t e d  t h a t  
F o r b e s e l l a  w a s  p r e o c c u p i e d  a n d  s u g g e s t e d  F o r b e s i c h t h y s  
a s  a  s u b s t i t u t e  n a m e .  
W o o d s  &  I n g e r  ( 1 9 5 7 )  r e v i s e d  a l l  s p e c i e s  i n  t h e  
f a m i l y  A m b l y o p s i d a e  a n d  s y n o n y m i z e d  C .  p a p i l l i f e r u s  
u n d e r  t h e  e a r l i e r  C .  a g a s s i z i ,  a l t h o u g h  t h e y  p o i n t e d  o u t  
t h a t  m i n o r  d i f f e r e n c e s  w e r e  o b s e r v e d  f r o m  p o p u l a t i o n  t o  
p o p u l a t i o n .  T h e i r  a r r a n g e m e n t  h a s  b e e n  g e n e r a l l y  f o l -
l o w e d  b y  s u b s e q u e n t  a u t h o r s ,  i n c l u d i n g  H i l l  (  1 9 6 9 b )  w h o  
s t u d i e d  t h e  e f f e c t s  o f  i s o l a t i o n  u p o n  m e r i s t i c  c h a r a c t e r s .  
O n l y  C l a y  ( 1 9 7 5 : 2 4 0 )  h a s  m a i n t a i n e d  t h a t  C .  a g a s s i z i  
a n d  C .  p a p i l l i f e r u s  a r e  s p e c i f i c a l l y  d i s t i n c t .  R o s e n  (  1 9 6 2 )  
d i s c u s s e d  i n  d e t a i l  t h e  a n a t o m y  o f  a m b l y o p s i d  f i s h e s  ( i n -
c l u d i n g  C h o l o g a s t e r )  a n d  t h e i r  r e l a t i o n s h i p s  t o  o t h e r  f i s h  
f a m i l i e s  b u t  d i d  n o t  c o n c e r n  h i m s e l f  w i t h  t h e  v a l i d i t y  o f  
t h e  d e s c r i b e d  s p e c i e s .  
E x c e p t  f o r  s o m e  s t u d i e s  o f  e y e  s t r u c t u r e  b y  E i g e n -
m a n n  ( s u m m a r i z e d  i n  E i g e n m a n n  1 9 0 9 ) ,  t h e  n o n s y s t e m -
a t i c  l i t e r a t u r e  o n  t h e  s p r i n g  c a v e f i s h  c o n s i s t s  m o s t l y  o f  
n e w  l o c a l i t y  r e c o r d s  a n d  b r i e f  i n c i d e n t a l  a c c o u n t s  o f  
b e h a v i o r ,  h a b i t a t ,  f o o d ,  a n d  s i z e  c l a s s e s  ( F o r b e s  &  R i c h -
a r d s o n  1 9 0 8 ,  1 9 2 0 ;  L a y n e  &  T h o m p s o n  1 9 5 2 ;  G u n n i n g  
&  L e w i s  1 9 5 5 )  .  W e i s e  (  1 9 5  7 )  s u m m a r i z e d  t h e  p r i o r  w o r k  
o n  t h e  s p e c i e s  a n d  d e s c r i b e d  i n  d e t a i l  t h e  h a b i t a t ,  p h o t o -
t a x i s ,  t h i g m o t a x i s ,  r h e o t a x i s ,  t e m p e r a t u r e  t o l e r a n c e ,  i n -
v e r t e b r a t e  a n d  v e r t e b r a t e  s p e c i e s  a s s o c i a t e s ,  a n d  s e x u a l  
d i m o r p h i s m  i n  a  l i f e - h i s t o r y  s t u d y  o f  t h e  s p e c i e s  a t  P i n e  
H i l l s  i n  U n i o n  C o u n t y ,  I l l i n o i s .  P o u l s o n  (  1 9 6 3 )  d i s c u s s e d  
T h i s  p a p e r  i s  p u b l i s h e d  b y  a u t h o r i t y  o f  t h e  S t a t e  o f  I l l i n o i s ,  I R S  C h .  
1 2 7 ,  P a r .  5 8 . 1 2 .  I t s  p r i n t i n g  w a s  p a i d  f o r  b y  t h e  U . S .  D e p a r t m e n t  o f  
A g r i c u l t u r e  F o r e s t  S e r v i c e .  D r .  S m i t h  i s  a  T a x o n o m i s t  a n d  H e a d  o f  t h e  
S e c t i o n  o f  F a u n i s t i c  S u r v e y s  a n d  I n s e c t  I d e n t i f i c a t i o n  o f  t h e  I l l i n o i s  N a t u r a l  
H i s t o r y  S u r v e y .  D r .  W e l c h  i s  a  p h y s i c i a n  o n  t h e  s t a f f  o f  P a r k l a n d  H o s p i t a l ,  
D a l l a s ,  T e x a s .  
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P h i l i p  W .  S m i t h  a n d  N o r b e r t  M .  W e l c h  
v a r i o u s  a d a p t a t i o n s  a n d  c o m p a r a t i v e  m e t a b o l i c  r a t e s  o f  
a l l  k n o w n  a m b l y o p s i d s .  T h e  n e x t  m a j o r  c o n t r i b u t i o n  t o  
o u r  k n o w l e d g e  w a s  a  s e r i e s  o f  p a p e r s  b y  H i l l ,  w h o  w o r k e d  
w i t h  t h e  W a r r e n  C o u n t y ,  K e n t u c k y ,  p o p u l a t i o n  o f  s p r i n g  
c a v e  f i s h  a n d  d e s c r i b e d  o x y g e n  p r e f e r e n c e s  (  1 9 6 8 ) ,  f o o d  
a n d  f e e d i n g  h a b i t s  (  1 9 6 9 a ) ,  e f f e c t s  o f  i s o l a t i o n  u p o n  
m e r i s t i c  c h a r a c t e r s  (  1 9 6 9 b ) ,  a n d  t h e  d e v e l o p m e n t  o f  
s q u a m a t i o n  i n  t h e  y o u n g  (  1 9 7 1 ) .  W h i t t a k e r  &  H i l l  
(  1 9 6 8 )  d e s c r i b e d  a  n e w  s p e c i e s  o f  c e s t o d e  p a r a s i t e ,  n a m -
i n g  i t  P r o t e o c e p h a l u s  c h o l o g a s t e r i .  
I n  t h e  e a r l y  1 9 7 0 ' s ,  H .  E .  M c R e y n o l d s  o f  t h e  U .  S .  
F o r e s t  S e r v i c e ,  b e c a m e  c o n c e r n e d  a b o u t  t h e  s t a t u s  o f  t h e  
s p r i n g  c a v e f i s h  o n  t h e  S h a w n e e  N a t i o n a l  F o r e s t  i n  s o u t h -
e r n  I l l i n o i s .  H e  a p p o i n t e d  a  t e c h n i c a l  a d v i s o r y  c o m m i t t e e  
t o  d i r e c t  r e s e a r c h  d e s i g n e d  t o  a s c e r t a i n  p o p u l a t i o n  s i z e  
o f  t h e  s p e c i e s  i n  t h e  L a R u e - P i n e  H i l l s  E c o l o g i c a l  A r e a  i n  
U n i o n  C o u n t y ,  l l l i n o i s ,  a n d  h i r e d  o n e  o f  u s  ( W e l c h )  t o  
c o n d u c t  c e n s u s i n g  s t u d i e s  t h r o u g h o u t  1 9 7 3 .  I n  1 9 7 4  p e r -
s o n n e l  f r o m  t h e  S e c t i o n  o f  F a u n i s t i c  S u r v e y s  a n d  I n s e c t  
I d e n t i f i c a t i o n  o f  t h e  I l l i n o i s  N a t u r a l  H i s t o r y  S u r v e y ,  u n -
d e r  c o n t r a c t  w i t h  t h e  F o r e s t  S e r v i c e ,  i n v e s t i g a t e d  t h e  
s t a t u s  o f  s e v e r a l  u n u s u a l  f i s h e s ,  i n c l u d i n g  t h e  s p r i n g  c a v e -
f i s h ,  o n  t h e  S h a w n e e  N a t i o n a l  F o r e s t  a n d  p r e p a r e d  a  
r e p o r t .  S i n c e  t h a t  t i m e  J e f f r e y  J .  W e b b  o f  A n n a ,  I l l i n o i s ,  
h a s  i n d e p e n d e n t l y  c e n s u s e d  s p r i n g  c a v e f i s h  i n  C a v e  
S p r i n g  C a v e ,  a b o u t  5 \ 1 2  m i l e s  n o r t h e a s t  o f  P i n e  H i l l s ,  a n d  
k i n d l y  g a v e  h i s  p o p u l a t i o n  e s t i m a t e s  t o  u s .  
T h i s  p a p e r  p r e s e n t s  t h e  p o p u l a t i o n  e s t i m a t e s  a n d  
o t h e r  d a t a  t a k e n  d i r e c t l y  f r o m  t h e  t h r e e  r e c e n t  r e p o r t s  
a n d  b r i e f  s u m m a r i e s  o f  o t h e r  a s p e c t s  o f  t h e  l i f e  h i s t o r y  
o f  t h e  s p r i n g  c a v e f i s h  r e p o r t e d  i n  t h e  l i t e r a t u r e .  
A C K N O W L E D G M E N T S  
T h e  U .  S .  D e p a r t m e n t  o f  A g r i c u l t u r e  F o r e s t  S e r v i c e  
i n i t i a t e d  a n d  s u p p o r t e d  m o s t  o f  t h e  i n v e s t i g a t i o n s  u p o n  
w h i c h  t h i s  p a p e r  i s  b a s e d  a n d  p a i d  f o r  i t s  p r i n t i n g .  
S p e c i a l  t h a n k s  a r e  d u e  t o  H .  E .  M c R e y n o l d s ,  Z o n e  F i s h -
e r i e s  B i o l o g i s t ,  a n d  t o  t h e  p e r s o n n e l  o f  t h e  H a r r i s b u r g  
F o r e s t  S u p e r v i s o r ' s  O f f i c e  a n d  t h e  J o n e s b o r o  R a n g e r ,  
D i s t r i c t  o f  t h e  S h a w n e e  N a t i o n a l  F o r e s t ,  f o r  t h e i r  i n t e r e s t  
a n d  c o o p e r a t i o n .  A c k n o w l e d g m e n t  i s  a l s o  d u e  t o  t h e  
C h o l o g a s t e r  T e c h n i c a l  A d v i s o r y  C o m m i t t e e  u n d e r  t h e  
c h a i r m a n s h i p  o f  H .  E .  M c R e y n o l d s .  F o r  a i d  w i t h  f i e l d  
w o r k  w e  a r e  i n d e b t e d  t o  L a r r y  M .  P a g e ,  B r o o k s  M .  B u r r ,  
J o h n  A .  B o y d ,  a n d  M i c h a e l  A .  M o r r i s  o f  t h e  I l l i n o i s  
N a t u r a l  H i s t o r y  S u r v e y ,  a n d  t o  t h e  S u r v e y  f o r  p a r t i a l  
s u p p o r t  o f  f i e l d  w o r k  a n d  f o r  v a r i o u s  a d m i n i s t r a t i v e  
s e r v i c e s .  M a r v i n  E .  B r a a s c h  o f  B e l l e v i l l e ,  I l l i n o i s ,  s u p -
p l i e d  n e w  r e c o r d s  f o r  K e n t u c k y  a n d  T e n n e s s e e .  B e r n i c e  
P .  S w e e n e y  t y p e d  t h e  m a n u s c r i p t ,  C r a i g  W .  R o n t o  p r e -
p a r e d  t h e  d r a w i n g s ,  a n d  L a r r y  M .  P a g e  a n d  L a r r y  F a r -
C o v e r  I l l u s t r a t i o n . - S p r i n g  c a v e f i s h .  D r a w i n g  b y  C r a i g  R o n  t o .  
low took the photographs. Assistant Technical Editor 
Shirley McClellan edited the manuscript, and John E. 
Cooper of the North Carolina Museum of Natural His-
tory served as guest reviewer. Larry M. Page and Brooks 
M. Burr kindly copied records of spring cavefish in sev-
eral museum collections that they visited, and officials 
in charge of these collections made their holdings freely 
available. David H. Snyder of Austin Peay University 
(Tennessee ) advised us of several collections. The col-
lections include the Illinois Natural History Survey 
(INHS ), Eastern Kentucky University (EKU) , Ken-
tucky Fish and Wildlife Department (KFW), Murray 
State University (MSU ), University of Michigan Mu-
seum of Zoology (UMMZ ), U.S. National Museum of 
Natural History (USNM ), UniversityofLouisville (UL ), 
University of Oklahoma (UO ), University of Tennessee 
(UT ), University of Tulsa (UTULSAC), University of 
Alabama (UA), and Northeastern Louisiana University 
(NLU ) . Jeffrey J. Webb of Anna, Illinois, supplied a 
population estimate for Cave Spring Cave, and Claude 
D. Baker of the University of Illinois Dixon Springs Acr-
ricultural Station performed some water chemistry anal~­
ses for us. Finally, the Illinois Department of Conserva-
tion Division of Fisheries granted permission to collect 
specimens for these studies. 
HABITAT AND BEHAVIOR 
The spring cavefish (Fig. 1) bridges the gap between 
an epigean and hypogean existence. It is known to occur 
in caves throughout most of its range, but it is much 
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Fig. 1. - Adult spring cavefish from spring along Big Creek 
in Hardin County, Illinois. 
better known from springs, spring runs, and spring seeps 
(Fig. 2- 4 ) . It is subterranean, emerging at dusk and 
usually retreating underground an hour or two before 
dawn. It has eyes that appear functional but serve only 
to distinguish light and darkness (Hill 1969a). In south-
ern Illinois its appearance above ground is strongly cor-
related with the amount of flow emerging from the 
springs and with the season. During dry seasons, some 
springs have no flow; others continue to flow but have 
only a few spring cavefish or none at all. Fish were found 
throughout the year in the LaRue-Pine Hills Ecological 
Area, but in fewer numbers in January, February, and 
March, and no gravid females were seen from January 
through May. 
Fish from different springs were marked with various 
colors of tatoo ink so that when recaptured they could be 
identified with the spring in which they were initially 
found. The color coding was done deliberately to see if 
there was any mixing or exchange underground of indi-
viduals from adjacent springs. None was observed. 
In tiles where spring water collected to form pools, 
Fig. 2.- Spring along Big Creek in Hardin County, Illinois. This spring at the base of a large tree ceases to flow when the water 
table IS very low. The first spring cavefish in Hardin County were discovered here. 
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f i s h  w e r e  u s u a l l y  n o t  v i s i b l e  d u r i n g  d a y l i g h t  h o u r s ,  a n d  
a t  n i g h t  t h e y  u s u a l l y  d i s a p p e a r e d  i n t o  c r e v i c e s  a n d  h o l e s  
w h e n  t h e  w a t e r  w a s  d i s t u r b e d  o r  w h e n  a  s t r o n g  l i g h t  
w a s  d i r e c t e d  a t  t h e  f i s h .  D u r i n g  t h e  d a y ,  f i s h  c o u l d  b e  
f o u n d  i n  s p r i n g  r u n s  b y  t u r n i n g  o v e r  r o c k s ,  b u t  t h e y  
q u i c k l y  b u r i e d  i n  g r a v e l  i n t e r s t i c e s  a n d  u n d e r  o t h e r  
s t o n e s  w h e n  u n c o v e r e d .  M a n y  o f  t h e  l o c a l i t i e s  f r o m  
w h i c h  t h e  s p e c i e s  h a s  b e e n  f o u n d  w e r e  d i s c o v e r e d  a c c i -
d e n t a l l y  b y  c o l l e c t o r s  m a k i n g  m i n n o w - s e i n e  s e t s  i n  s p r i n g -
f e d  h e a d w a t e r s  a n d  s e e p s .  
T h e  s p e c i e s  a l s o  h a s  b e e n  t a k e n  f r e q u e n t l y  o v e r  t h e  
y e a r s  i n  t h e  s w a m p  a t  t h e  b a s e  o f  t h e  b l u f f s  i n  t h e  L a R u e -
P i n e  H i l l s  E c o l o g i c a l  A r e a ,  e s p e c i a l l y  d u r i n g  t h e  w i n t e r  
m o n t h s .  I t  w a s  b e l i e v e d  t h a t  t h e  s w a m p  h a s  s p r i n g s  
w h i c h  f e e d  i t  w e l l  a w a y  f r o m  t h e  b l u f f s  ( t h i s  i s  a  p o s s i -
b i l i t y ) ,  a n d  t h a t  t h e  c o l d  w a t e r  i n  t h e  s w a m p  d u r i n g  t h e  
w i n t e r  p e r m i t t e d  t h e  s u r v i v a l  o f  t h e  f i s h  f o r  l o n g e r  p e r i -
o d s  o f  t i m e .  I t  i s  n o w  k n o w n  t h a t  t h e  g r e a t e r  f r e q u e n c y  
o f  f i s h  i n  t h e  s w a m p  i n  w i n t e r  i s  d u e  i n  p a r t  t o  t h e  
g r e a t e r  o u t p u t  o f  a l l  s p r i n g s  d u r i n g  t h a t  s e a s o n ,  a n d  
s o m e  f i s h  a r e  u n a b l e  t o  f i n d  t h e i r  w a y  b a c k  i n t o  t h e  
s p r i n g  m o u t h  f o r  o n e  r e a s o n  o r  a n o t h e r  a s  w i l l  b e  d i s -
c u s s e d  s u b s e q u e n t l y .  M o r e o v e r ,  W e i s e  (  1 9 5 7 :  1 9 8 )  f o u n d  
t h a t  t h e  s p e c i e s  h a s  e v o l v e d  a  r e m a r k a b l e  a b i l i t y  t o  t o l e r -
a t e  w i t h o u t  a c c l i m a t i o n  a  w i d e  t e m p e r a t u r e  r a n g e ,  a n d  
h e  b e l i e v e d  t h i s  i s  a n  i m p o r t a n t  a d a p t a t i o n  f o r  a n  a n i m a l  
f r e q u e n t l y  s w e p t  i n t o  s u r f a c e  w a t e r s  o f  r e l a t i v e l y  h i g h  
t e m p e r a t u r e s .  
F i g .  3 . - B i g  S p r i n g  i n  L a R u e - P i n e  H i l l s  E c o l o g i c a l  A r e a ,  
U n i o n  C o u n t y ,  I l l i n o i s .  S p r i n g  c a v e f i s h  c a n  u s u a l l y  b e  s e e n  h e r e ,  
b u t  q u a n t i t a t i v e  s a m p l i n g  w o u l d  h a v e  b e e n  i m p o s s i b l e  w i t h o u t  
d e s t r o y i n g  t h e  c h a r a c t e r  o f  t h e  l a r g e  s p r i n g  p o o l .  T h e  s u r f a c e  
i s  c o v e r e d  w i t h  d u c k w e e d .  
T h e  w e l l - d e v e l o p e d  n e g a t i v e  p h o t o t a x i s  n o t e d  a b o v e  
i s  o v e r s h a d o w e d  b y  a  s t r o n g  t h i g m o t a x i s .  W e i s e  (  1 9 5  7 :  
1 9 7 )  f o u n d  t h a t  i n  t h e  a b s e n c e  o f  o t h e r  f o r m s  o f  c o n c e a l -
m e n t  t h e  f i s h  w o u l d  f l o a t  a t  t h e  s u r f a c e  w i t h  t h e  t o p s  o f  
t h e i r  h e a d s  i n  c o n t a c t  w i t h  f l o a t i n g  c o r k s ,  a n d  t h a t  i f  
o n l y  l i g h t e d  p l a c e s  o f  c o n c e a l m e n t  w e r e  p r e s e n t  t h e y  
w o u l d  u t i l i z e  t h e m  i n  o r d e r  t o  h a v e  s o m e  k i n d  o f  b o d y  
c o n t a c t .  I f  n o  o b j e c t s  w e r e  i n  t h e  t a n k ,  t h e  f i s h  w o u l d  
s e e k  t h e  d a r k e s t  c o r n e r s .  H i l l  (  1 9 6 9 a :  1 1 1 )  f o u n d  t h a t  
l a b o r a t o r y  f i s h  w e r e  a t t r a c t e d  t o  o b j e c t s  i n t r o d u c e d  i n t o  
t h e  t a n k s  a n d  t h a t  c o t t o n  s w a b s  o r  e v e n  s t r a n d s  o f  w i r e  
o r  s t i c k s  w e r e  s e i z e d  b y  t h e  f i s h  b u t  r e j e c t e d  i f  n o t  e d i b l e .  
F i g .  4 . - C e r a m i c  t i l e  a t  s p r i n g  m o u t h  i n  U n i o n  C o u n t y ,  
I l l i n o i s .  W h e n  t h e  w a t e r  t a b l e  i s  h i g h ,  n u m e r o u s  s p r i n g  c a v e f i s h  
c a n  b e  s e e n  a t  n i g h t  i n  t h e  t i l e .  
T h e  f i s h  d e p e n d  u p o n  t a s t e  r a t h e r  t h a n  s i g h t  o r  o l f a c -
t i o n  t o  d e t e r m i n e  e d i b i l i t y .  T h e  f i s h  r e l i e s  o n  t h e  m a n y  
n e u r o m a s t s  o n  t h e  h e a d  ( F i g .  5 )  t o  l o c a t e  f o o d  o b j e c t s  
F i g .  5 . - H e a d  o f  s p r i n g  c a v e f i s h ,  s h o w i n g  t h e  c l u s t e r s  o f  
n e u r o m a s t s .  
( H i l l  1 9 6 9 a :  1 1 1 ) .  A g i t a t i o n  o f  t h e  w a t e r  f r i g h t e n e d  t h e  
f i s h  a n d  t h e y  w o u l d  d a s h  a b o u t  s e e k i n g  c o n c e a l m e n t .  
R E P R O D U C T I O N  
D e s p i t e  a  c a r e f u l  s e a r c h  b y  W e i s e  ( 1 9 5 7 )  a n d  H i l l  
(  1 9 7 1 ) ,  t h e  d e t a i l s  o f  r e p r o d u c t i o n  i n  t h e  s p r i n g  c a v e f i s h  
r e m a i n  a l m o s t  u n k n o w n .  W e i s e  e v e n  a t t e m p t e d ,  b u t  
w i t h o u t  s u c c e s s ,  s t r i p p i n g  e g g s  a n d  s p e r m  f r o m  r i p e  a d u l t s  
i n t o  f i n g e r  b o w l s .  O u r  o w n  e f f o r t s  w e r e  e q u a l l y  u n r e -
w a r d i n g .  W e i s e  (  1 9 5 7 :  1 9 9 )  n o t e d  t h a t  e x t e r n a l  s e x u a l  
c h a r a c t e r s  w e r e  l a c k i n g ,  b u t  t h a t  t h e  f i s h  c o u l d  b e  s e x e d  
b e c a u s e  t h e  t e s t e s  o r  o v a r i e s  c o u l d  b e  s e e n  t h r o u g h  t h e  
n e a r l y  t r a n s p a r e n t  b o d y  w a l l .  W e  ( W e l c h )  f o u n d  t h a t  
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gravid females were easily recognized in the fall because 
the large eggs were evident through the body wall, but 
that live fish without eggs inside them were difficult to 
sex with any certainty because the centrally located go-
nads were not that clearly visible. 
Although some fish can be found at any season when 
the springs are flowing, and occasional gravid females 
could be found "practically every month of the year" in 
nature (Weise 1957: 200) , the evidence suggests that 
most fish ready for spawning disappear in late winter, 
presumably going underground to spawn. Captive indi-
viduals held by Weise were unable to go underground 
and were in ripe condition from September to March. 
They refused to spawn in a simulated cave habitat in ice-
cooled tanks or to exhibit any prespawning behavior. A 
36.8-mm (standard length ) female with eggs was found 
in June by us (Welch ) , and it is assumed that it had 
failed to go underground and would likely soon resorb 
its eggs. Hill ( 1971: 13- 14) found cave specimens barely 
over 4 mm in total length in mid-February and noted 
that the first fry appear above ground while the breeding 
adults are still underground. 
Weise ( 1957: 199 ) found that in five females over 43 
mm (total length ) the ripe ovaries contained 80, 95, 101, 
202, and 285 eggs and that eggs averaged 0.25 mm in 
diameter in September but 1.5- 2.0 mm at near maturity. 
Our own observations suggest that spawning probably 
takes place underground between January and April be-
cause this is the period when part of the population in 
the springs disappears. 
Hill (1971:13-14) studied development of squama-
tion and pigmentation and found that scale primordia 
first appear (on the sides of the caudal peduncle and a 
short distance forward in the lateral-line area ) at ap-
proximately 6 weeks of age and that squamation and 
pattern are well developed by 11 or 12 weeks of age. 
Growth in our recaptures was erratic and inconsistent, 
varying with the spring in which the fish were found. 
Some showed almost no growth during summer and fall, 
but in general the overall growth was estimated to be 10-
20 mm per year. Most authors have assumed 3-year 
classes; young of the year, 1 + year old, and 2 + year old 
fish, and probably most individuals do not live more than 
3 years. However, occasionally an individual is found 
that is strikingly larger than the average adult, and it is 
possible that a few live 3 years and attain standard 
lengths of more than 70 mm. The fish appeared to be 
sexually mature in their second year. The details of 
spawning are wholly unknown and, while some investiga-
tors suspect that the adult may carry eggs in its mouth 
as does the related Amblyopsis spelaea, they have avoided 
making the statement in the absence of evidence except 
for the anterior location of the genital pore. 
FOOD HABITS 
The spring cavefish in Union County, Illinois, feed 
almost exclusively on Gammarus according to Forbes & 
Richardson ( 1908: 219 ), Layne & Thompson ( 1952: 39), 
Weise ( 1957: 198), and Gunning & Lewis ( 1955: 556 ). 
Weise ( 1957) identified the species as C. troglophilus 
Hubricht & Mackin, an amphipod that is not known to 
occur at spring cavefish localities other than in south-
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western Illinois. Other items found in stomachs included 
insect remnants and detritus (Gunning & Lewis 1955 ) 
and one Asellus (Weise 1957), but Weise found that 
captive fish refused Asellus as well as everything but 
Gammarus. 
In Kentucky the food habits are quite different. Hill 
( 1969a), who examined nearly 4,000 specimens, com-
pared stomach contents of surface-dwelling fish with 
those from within caves. He found that surface fish take 
mostly chironomids but also small numbers of copepods, 
oligochaetes, nematodes, and ostracods, whereas adult 
and half-grown fish from caves feed almost solely on 
other spring cavefish. The cannibalism thus provides a 
source of food supply in an environment where food is 
extremely limited, but a large proportion of the young in 
caves contained no food at all or at best small numbers 
of nematodes and copepods. Conceivably small fish may 
be forced to seek an epigean food source and thus be 
more frequently encountered in springs than in under-
ground streams. 
DISTRIBUTION 
The spring cavefish occurs from south-central Ten-
nessee (near the Alabama state line ) northward into 
central and western Kentucky, and westward across the 
Shawnee Hills of southern Illinois to Scott County, Mis-
souri (Fig. 6 ) . Its range was long believed to be disjunct, 
consisting of Illinois, Kentucky, and Tennessee popula-
tions, but recent collections from geographically interme-
diate areas suggest that it is more likely continuous. The 
counties from which it is known and the documentation 
for the distributional data are tabulated below, although 
no attempt has been made to canvass all museum collec-
tions for their holdings of the spring cavefish. Weise 
( 1957: 196 ) attempted to introduce 36 individuals in a 
cold-water cave spring in Adams County, Illinois, nearly 
200 miles northward. None was ever seen again and they 
were presumably washed out into the open. 
Missouri 
Scott County: spring (Pflieger 1975:224 and per-
sonal communication ) 
Illinois 
Jackson County : 
Johnson County: 
Hardin County: 
record, Webb ) 
Pope County: 1 
219 ) 
spring (sight record, Welch) 
1 spring ( INHS ) 
2 springs ( INHS ) , 1 cave (sight 
cave (Forbes & Richardson 1908: 
Union County: 1 cave, many springs (numerous mu-
seum collections ) 
Kentucky 
Edmonson County: Mammoth Cave (Clay 1975: 
241 ), 2 springs (Woods & Inger 1957: 240) 
Livingston County: 2 springs ( INHS) 
Logan County: 2 springs (EKU) 
Lyon County: 2 springs (KFW) 
Todd County: 1 spring (INHS ) 
Trigg County: 2 springs (MSU ) 
Warren County: 1 cave (Hill1971: 13) and ? springs 
(UMMZ ), (UL ) 
6  
8 9  
8 7  
8 5  
8 3  
3 7  · 3 7  
3 5  
8 9  8 7  
8 5  
8 3  
F i g .  6 . - K n o w n  d i s t r i b u t i o n  o f  t h e  s p r i n g  c a v e f i s h .  S o m e t i m e s  a  s y m b o l  r e p r e s e n t s  s e v e r a l  d i f f e r e n t  s p r i n g s  c o n t a i n i n g  t h e  s p e c i e s .  
T e n n e s s e e  
B e d f o r d  C o u n t y :  1  s p r i n g  ( U T )  
C o f f e e  C o u n t y :  ?  s p r i n g s  ( U A ) ,  ( U T ) ,  ( U O ) ,  
( U T U L S A C )  
D a v i d s o n  C o u n t y :  2  s p r i n g s  ( U S N M )  
D i c k s o n  C o u n t y :  1  c a v e  ( U M M Z )  
F r a n k l i n  C o u n t y :  1  s p r i n g  ( U A )  
M o n t g o m e r y  C o u n t y :  ?  s p r i n g s  ( U T ) ,  ( N L U ) ,  
( I N H S )  
S t e w a r t  C o u n t y :  4  s p r i n g s  ( M S U ) ,  ( U M M Z ) ,  
( N L U ) ,  ( I N H S )  
W i l s o n  C o u n t y :  1  w e l l  ( P u t n a m  1 8 7 2 : 2 2 ,  t y p e - l o -
c a l i t y )  
P O P U L A T I O N  E S T I M A T E S  
T h r o u g h o u t  m o s t  o f  i t s  r a n g e  t h e  s p r i n g  c a v e f i s h  i s  
r a r e  t o  u n c o m m o n  a n d  e a s i l y  o v e r l o o k e d  b e c a u s e  o f  i t s  
n o c t u r n a l  a n d  s e c r e t i v e  h a b i t s .  A n  e x c e p t i o n  i s  a  l a r g e  
s p r i n g  a t  R i c h  P o n d  n e a r  B o w l i n g  G r e e n ,  W a r r e n  
C o u n t y ,  K e n t u c k y ,  w h e r e  i t  a p p e a r s  t o  b e  i n c r e d i b l y  
a b u n d a n t .  M a n y  m u s e u m  c o l l e c t i o n s  h a v e  s p e c i m e n s  
f r o m  t h i s  s p r i n g  ( o n e  m a j o r  m u s e u m  h a s  a  s e r i e s  o f  m o r e  
t h a n  1 , 0 0 0  s p e c i m e n s ) ,  a n d  s t a f f  a n d  s t u d e n t s  a t  t h e  
U n i v e r s i t y  o f  L o u i s v i l l e  a n d  e l s e w h e r e  h a v e  c o l l e c t e d  
h u n d r e d s  o f  s p e c i m e n s  o f  t h e  s p e c i e s  a t  t h i s  l o c a l i t y .  
E l s e w h e r e  i n  K e n t u c k y  a n d  T e n n e s s e e ,  t h e  s p e c i e s  
i s  e r r a t i c  i n  d i s t r i b u t i o n  a n d  r e p r e s e n t e d  b y  a  f e w  i n d i -
v i d u a l s  t o  s m a l l  s e r i e s .  I n  M i s s o u r i ,  i t  h a s  r e c e n t l y  b e e n  
d i s c o v e r e d  b y  E u g e n e  M c D o n a l d  ( P f l i e g e r  1 9 7 5 : 2 2 4 ) ,  
a n d  i t  i s  a l m o s t  c e r t a i n  t h a t  t h e  D e p a r t m e n t  o f  C o n s e r -
v a t i o n  i n  t h a t  s t a t e  w i l l  s o o n  p l a c e  t h e  s p e c i e s  o n  t h e  
l i s t  o f  p r o t e c t e d  s p e c i e s .  
T h e  s p e c i e s  i s  w e l l  k n o w n  f r o m  t h e  L a R u e - P i n e  H i l l s  
A r e a  i n  s o u t h w e s t e r n  I l l i n o i s ,  a n d  m a n y  m u s e u m  c o l l e c -
t i o n s  h a v e  h o l d i n g s  o f  a  f e w  s p e c i m e n s  f r o m  t h a t  l o c a l i t y .  
I n  f a c t ,  i t  w a s  t h e  h e a v y  c o l l e c t i n g  p r e s s u r e  t h a t  p r e c i p i -
t a t e d  t h e  c o n c e r n  o v e r  t h e  s t a t u s  o f  t h e  p o p u l a t i o n  a n d  
i t s  c h a n c e s  f o r  s u r v i v a l .  T h e  s p r i n g  c a v e f i s h  w a s  k n o w n  t o  
o c c u r  i n  f i v e  d i f f e r e n t  s p r i n g s  a l o n g  t h e  b l u f f ,  w h e r e  i t  
w a s  g e n e r a l l y  q u i t e  v u l n e r a b l e  t o  d i p n e t t i n g ,  a s  w e l l  a s  
i n  t h e  a d j a c e n t  s w a m p .  O u t s i d e  t h e  E c o l o g i c a l  A r e a  i t  
w a s  k n o w n  f r o m  C a v e  S p r i n g  C a v e ,  a  c a v e  i n  P o p e  
C o u n t y ,  a n d  f r o m  s p r i n g s  n e a r  M c C l u r e  o n  t h e  U n i o n -
A l e x a n d e r  C o u n t y  l i n e .  A  s e a r c h  f o r  a d d i t i o n a l  s p r i n g s  
t h a t  m i g h t  h a r b o r  t h e  f i s h  w a s  b e g u n  a n d  r e s u l t e d  i n  t h e  
d i s c o v e r y  o f  t h r e e  m o r e  s p r i n g s  t h a t  c o n t a i n e d  f i s h  w i t h i n  
t h e  E c o l o g i c a l  A r e a ,  o n e  i n  a d j a c e n t  J a c k s o n  C o u n t y ,  
o n e  i n  J o h n s o n  C o u n t y ,  a n d  t w o  s p r i n g s  a n d  a  c a v e  i n  
H a r d i n  C o u n t y .  
A  t o t a l  o f  1 8 0  f i s h  f r o m  1 0  s p r i n g s  i n  U n i o n  C o u n t y  
w a s  d i p n e t t e d  a n d  m a r k e d  i n  1 9 7 3 ,  a n d  r e c a p t u r e s  w e r e  
m a d e  i n  7  o f  t h e  s p r i n g s .  M a r k i n g  w a s  a c c o m p l i s h e d  b y  
m e a n s  o f  a n  i n j e c t i o n  t e c h n i q u e  u t i l i z i n g  d i f f e r e n t  c o l o r s  
o f  p r i n t e r ' s  n u m b e r i n g  i n k .  F i s h  w e r e  m a r k e d  d i s t i n c -
t i v e l y  s o  t h a t  i t  w o u l d  b e  k n o w n  i f  t h e y  h a d  e m e r g e d  
f r o m  a  s p r i n g  o t h e r  t h a n  w h e r e  i n i t i a l l y  f o u n d .  B e f o r e  
the fish were marked, they were anesthetized with 0.05 
percent solution of MS222. Standard length was mea-
sured with a dial caliper. The fish were placed on a wet 
towel and marked by an injection at a combination of 
specific points along the back. The needle was inserted 
under the skin about 3 mm anteriad and the dot of ink 
placed in the subcutaneous fascia with care being taken 
to avoid muscle damage. A glass tuberculin syringe with 
a No. 23 or 25G needle was used. After marking, the 
fish were placed in a bowl of water and allowed to re-
cover swimming ability before being returned to the 
spring. No ill effects of the marking were noted. 
The marking technique was developed by Slack 
( 1955 ) and has been variously modified by other workers, 
especially at Indiana U niversity, for studies on crayfishes 
(Cooper & Cooper 1976:52 and in preparation). It con-
sisted of using reel and blue Bates and green and purple 
Carter's numbering m achine inks injected underneath the 
sternites and zinc white artists' oil color to lighten colors 
as needed. Vegetable oil (Wesson ) thinned the color to 
a consistency that would easily pass through the syringe 
needle. The method had been used previously by one of 
us (Welch ) with good success on Amblyopsis spelaea. No 
marked fish showed any sign of infection and, although 
the colors faded after a period of several months, the 
initial puncture site remained as an unpigmented tattoo 
that was easily recognized. 
Estimates of population size were calculated using the 
Petersen Estimate, which makes the following assump-
tions: 
1. Marked animals are as subject to sampling as un-
marked ones. 
2. Mortality and emigration (outwash ) of the marked 
animals are the same as in unmarked ones. 
3. The time between initial capture and recapture is 
brief enough that mortality, natality, emigration 
and immigration have minimal effects. 
4. No marked individuals lose their identifying marks. 
5. The population remains relatively stable between 
trapping periods. 
6. Sampling is random (which is seldom possible) . 
Calculations were made by summing the recapture 
data over a period of time and considering a collecting 
sample as follows: 
N = nT 
t 
where: T = number of fish marked in a spring 
t = number of marked individuals recaptured 
(summed over the collection period ) 
n = total number of individuals captured = 
number marked plus unmarked (summed 
over the collection period ) 
N = estimate of population size 
Similar results were obtained when populations were 
calculated from a 1- 2-week interval and from an interval 
of over 6 months, indicating that the size estimates were 
consistent. However, the estimates are admittedly crude 
and sketchy representing only the easily sampled springs. 
To our knowledge, they are the only figures available for 
this fish and are presented for what they are worth. 
Many of the springs in the area empty into stone ba-
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sins or ceramic tiles, where relatively deep, clear pools 
are formed. Most of these springs flow in spring runs to 
the bordering swamp. The spring runs contain gravel, 
much watercress, and varying amounts of organic matter. 
Some of them run under the road in culverts and drop 
off precipitously into pools. Fish swept into these pools 
are unable to get back to the spring mouths. The largest 
spring (Fig. 3) in the Ecological Area empties directly 
into a large watercress-filled pool at the base of a sheer 
rock bluff. It is known to have fish but could not be 
sampled quantitatively because of its large size and its 
luxuriant growth of aquatic vegetation. Springs 7 and 8 
are in southern Union County near the Alexander County 
line. Spring 7 is excluded from the total in Table 1 be-
cause many fish are stranded in the tile near the spring 
mouth and were recaptured more often than if they could 
have freely returned underground. Thus, the estimate for 
that spring may be based on stranded fish only. 
TABLE 1. - Summary of mark- recapture data for eight 
springs in western Union County and Cave Springs Cave. Many 
of the standard errors are quite large because of the relatively 
small numbers used in the calculations. 
Average N = 
T = Estimate of 
No. Fish Population Percent 
Spring Marked ± 1 S.E. Recaptured 
1 15 63 ± 28 33 
2 31 180 ± 123 30 
3 46 302 ± 201 35 
4 1 1 0 
5 7 18 ± 16 29 
6 12 250 ± 539 8 
7" 56 73 ± 6 88 
8 12 96 ± 180 17 
Overall, 
excluding No. 7 124 785 ± 314 27 
Cave Springs 
Cave" 35- 45 ± ? 
• Extenuating circumstances because of physical nature of 
spring. See text for explanation. 
b Estimate provided by Jeffrey ]. Webb of Anna, Illinois. 
CONSERVATION STATUS O N THE 
SHAWNEE NATIONAL FOREST 
In 1969 at the suggestion of one of us (Smith ), the 
Illinois Department of Conservation nominated the 
spring cavefish and four other Illinois fish species as can-
didates for the list of protected species, and the Illinois 
General Assembly passed a bill affording some degree of 
protection from over collecting. It has since been so noted 
in the Illinois Fish Code. The U.S. Forest Service also 
placed the cavefish on the list of species tha t may not be 
taken in the Shawnee National Forest when the LaRue-
Pine Hills Recreational Area was reclassified as an Eco-
logical Area. Since that time, however, the species has 
been found in several new localities, including three 
southern Illinois counties, and thus does not appear to 
be in imminent danger of extirpation in Illinois . 
Nevertheless, in Union County the species is quite 
vulnerable to dipnetting at night by collectors, and a gene 
pool that may consist of fewer than a thousand inclivid-
8  
u a l s  s h o u l d  b e  w a t c h e d  c a r e f u l l y .  T h e  r e s t r i c t i o n s  o n  t a k -
i n g  s p e c i m e n s  t h e r e  b y  b o t h  t h e  s t a t e  a n d  F o r e s t  S e r v i c e  
a r e  w o r t h  r e t a i n i n g .  E v e n  t h o u g h  t h e  p o p u l a t i o n  i s  u n -
d o u b t e d l y  l a r g e r  t h a n  t h e  a b o v e  e s t i m a t e s  i n d i c a t e  ( t h e  
l a r g e s t  s p r i n g  i n  t h e  E c o l o g i c a l  A r e a  c o u l d  n o t  b e  c e n -
s u s e d ) ,  i t  i s  s t i l l  q u i t e  s m a l l  c o m p a r e d  t o  t h o s e  o f  o t h e r  
b a d l y  d e c i m a t e d  s p e c i e s .  
I n  t h e  h i g h l y  u n u s u a l  p o p u l a t i o n  a t  R i c h  P o n d  i n  
K e n t u c k y ,  n a t u r a l  p r e d a t i o n  o n  t h e  s p e c i e s  i s  s e a s o n a b l y  
h e a v y  ( J .  E .  C o o p e r ,  p e r s o n a l  c o m m u n i c a t i o n ) .  E l s e -
w h e r e  i n  t h e  r a n g e  o f  t h e  s p r i n g  c a v e f i s h ,  i t  i s  l i k e l y  s l i g h t  
b e c a u s e  o f  i t s  h a b i t s  a n d  h a b i t a t .  S u c h  i s  n o t  s u r p r i s i n g  
f o r  a  s p e c i e s  l i v i n g  i n  a  r a t h e r  t r o p h i c a l l y  d e p r i v e d  e n -
v i r o n m e n t .  I t s  n u m b e r s  s e e m  t o  b e  t i g h t l y  r e g u l a t e d  b y  
t h e  a v a i l a b l e  f o o d  s u p p l y .  G u n n i n g  &  L e w i s  (  1 9 5 5 :  5 5 4 )  
f o u n d  t h a t  2  o f  3 0  c e n t r a l  m u d m i n n o w s ,  U m b r a  l i m i ,  
e x a m i n e d  a t  P i n e  H i l l s  c o n t a i n e d  c a v e f i s h .  I n  I l l i n o i s  
t h e  s p r i n g  c a v e f i s h  i s  n o t  k n o w n  t o  b e  c a n n i b a l i s t i c ,  b u t  
a  f e w  o t h e r  f i s h e s ,  w a t e r  s n a k e s ,  a n d  a q u a t i c  b i r d s  a n d  
m a m m a l s  m a y  c a t c h  o c c a s i o n a l  c a v e f i s h .  S e v e r a l  f i s h  h a d  
s m a l l  l e e c h e s  ( s p e c i e s  n o t  d e t e r m i n e d )  a t t a c h e d  t o  t h e m ,  
a n d  m e n t i o n  h a s  a l r e a d y  b e e n  m a d e  o f  a n  e n d e m i c  t a p e -
w o r m  p a r a s i t e .  D r .  G e o r g e  G a r o i a n ,  p a r a s i t o l o g i s t  a t  
S o u t h e r n  I l l i n o i s  U n i v e r s i t y ,  f o u n d  t h a t  7 1  p e r c e n t  o f  t h e  
f i s h  h e  e x a m i n e d  i n  t h e  s p r i n g s  w e r e  p a r a s i t i z e d  b y  t a p e -
w o r m s  a n d  " o t h e r  i n t e r n a l  p a r a s i t e s "  ( p e r s o n a l  c o m m u -
n i c a t i o n  t o  W e l c h ) .  
T h e  E c o l o g i c a l  A r e a  r e c e i v e s  r i g o r o u s  p r o t e c t i o n  f r o m  
t h e  F o r e s t  S e r v i c e ,  a n d  t h e r e  i s  n o w  l i t t l e  d a n g e r  o f  t h e  
s p r i n g s  a n d  s p r i n g  r u n s  b e i n g  p h y s i c a l l y  d e s t r o y e d .  T h e  
F o r e s t  S e r v i c e  h a s  b e e n  u r g e d  b y  u s  t o  c a p  t h e  t i l e s  w i t h  
h i n g e d  l i d s  o f  m e t a l  g r a t i n g  t o  f u r t h e r  d i s c o u r a g e  t h e  
t a k i n g  o f  f i s h  b y  h u m a n  c o l l e c t o r s  a n d  n a t u r a l  p r e d a t o r s .  
M o s t  o f  t h e  s p r i n g s  t e s t e d  i n  1 9 7 3  b y  u s  ( W e l c h ) ,  
t h r o u g h  t h e  c o u r t e s y  o f  D r .  C .  D .  B a k e r  a t  t h e  U n i v e r -
s i t y  o f  I l l i n o i s  D i x o n  S p r i n g s  A g r i c u l t u r a l  S t a t i o n ,  w e r e  
r e l a t i v e l y  f r e e  o f  p o l l u t i o n ,  b u t  t w o  h a d  e l e v a t e d  r e a d i n g s  
f o r  a m m o n i a  a n d  p h o s p h a t e .  T h e s e  s u b s t a n c e s  p r o b a b l y  
g o t  i n t o  t h e  g r o u n d w a t e r  f r o m  a n i m a l  w a s t e s  a n d  c o m -
m e r c i a l  f e r t i l i z e r s ,  a n d  t h e y  p o s e  s o m e  t h r e a t .  A n o t h e r  
p o t e n t i a l  t h r e a t  i s  a  p e r i o d i c a l l y  d i s c u s s e d  r e s e r v o i r  o n  
C l e a r  C r e e k  o n  t h e  M i s s i s s i p p i  R i v e r  f l o o d p l a i n .  T h e  
e f f e c t s  o f  s u c h  a n  i m p o u n d m e n t  c o u l d  b e  d i s a s t r o u s  t o  
t h e  c a v e f i s h  p o p u l a t i o n  i f  t h e  s p r i n g  m o u t h s  w e r e  i n u n -
d a t e d  b y  b a c k f l o o d i n g  o r  i f  g r o u n d w a t e r  f l o w s  w e r e  
d i s r u p t e d  a n d  l o w - q u a l i t y  w a t e r  r e c h a r g e  o c c u r r e d .  
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